Background: Upper limb muscle strength plays an important role in respiratory and pulmonary function, and limited research focuses on the role of strength and endurance of the elbow extensor and flexor. This study was conducted to accurately assess upper limb muscle function and quantified associations with pulmonary function and respiratory muscle strength in patients with stable chronic obstructive pulmonary disease (COPD). Methods: In this cross-sectional study, patients with stable COPD treated in Yue-Yang Integrative Medicine Hospital from March 2014 to March 2016 were recruited. All participants underwent a pulmonary function test (forced expiratory volume in first second/forced vital capacity, FEV1/FVC; percentage value of predicted FEV1, FEV1%pred), a respiratory muscle strength test (maximal inspiratory pressure, MIP; maximal expiratory pressure, MEP), and an isokinetic test of dominant upper limb after a 24-hr interval (peak torque, PT; PT/body weight, PT/BW; total work, TW; endurance ratio, ER). Results: A total of 88 patients with stable COPD (age: 65.5±8.7 years) were recruited, of which 73% (64 patients) were male. In the multiple stepwise regression analysis, sex remained as significant impactors in the final model for FEV1%pred (adjusted R 2 =0.243, P<0.001). Elbow flexor PT/BW and ER, sex, and BMI remained as significant impactors in the final model for FEV1/FVC (adjusted R 2 =0.255, P<0.01). Elbow flexor TW remained as significant impactors for MIP (adjusted R 2 =0.112, P=0.001), while elbow extensor PT and PT/BW and sex remained as significant impactors for MEP (adjusted R =0.385, P<0.01). Conclusion: In stable COPD, pulmonary function and respiratory muscle strength are associated with upper limb muscle strength. In particular, elbow flexor endurance is likely an important impactor for pulmonary function and inspiratory muscle strength, while elbow extensor strength is of importance for expiratory muscle strength.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by respiratory symptoms and skeletal muscle dysfunction. 1 The interaction causes a significant decrease in the exercise capacity in patients with COPD, forming a vicious circle that accelerates disease progression. 2 Epidemiological research found that COPD is expected to rise from the 11th in 2007 to the 7th in 2020 in terms of leading to the years of life lost. 3 The mortality rate of COPD is 3 million per year worldwide approximately and has become the third leading cause of death. 4 To better administrate the patients with COPD, an accurate evaluation must be applied to elucidate the condition of patients. Since respiratory symptoms are the main characteristic of COPD, providing diagnosis and treatment of the disease based on a comprehensive assessment of the respiratory system is the main content of clinical work. At present, major clinical tools for assessing respiratory function include pulmonary function tests, respiratory muscle strength tests, and questionnaires of dyspnea. Of these, the index of pulmonary function named forced expiratory volume in first second/forced vital capacity (FEV1/FVC) is the gold criterion for diagnosing the presence of an obstructive ventilatory disorder, and the percentage value of predicted FEV1 (FEV1%pred) is a common recommendation for dividing the degree of airflow limitation. 2 Respiratory muscle function often evaluated by indirect methods and expressed by the maximum spontaneous breathing pressure which is induced by muscles involved in exhalation and inhalation. 5, 6 Although the tests mentioned above require professional instruments and personnel to strictly conduct, the clinical prevalence and acceptance rate of these tests are still higher due to the importance in diagnosing and assessing COPD.
Skeletal muscle function plays an important role in the exercise capacity and activities of daily living and can be used to predict the mortality of COPD patients independent of lung function. 1, 7, 8 Currently, the primary means of assessing skeletal muscle function include isometric, isotonic, and isokinetic test. The isometric test reflects the muscle strength when the joint is fixed in a certain angle and is used to evaluate the resisting capacity in the case of constant muscle length. This includes a handgrip test for the distal upper limb and dynameter test for the lower limb. 9, 10 Isotonic testing reflects the muscle strength during full-range motion and is used to evaluate the dynamic resisting capacity. It is often conducted in 1 repetition maximums (1RM). 11, 12 Isokinetic testing is used to evaluate the capacity of motion under a compliant resistance at a constant speed 13, 14 and can obtain the indexes of absolute muscle strength, relative muscle strength (eliminating the effects of different body weight), absolute endurance, and relative endurance (capacity of repeat contractions). Of these, isometric and isotonic tests are widely used in clinical evaluation because of the characteristics of simplicity, ease of operation, and no requirement of sophisticated instruments. However, in order to accurately determine the condition of COPD patients, accurate assessment of skeletal muscle function and its role in COPD should be emphasized.
Upper limbs are involved in a variety of daily activities, and the movement of upper limbs may interfere with the normal respiratory processes by affecting chest volume and coordinated movements of the chest and abdomen. 15, 16 Upper limb muscle strength, especially hand grip strength, is significantly correlated with pulmonary function in older people. [17] [18] [19] The possible explanation may be that upper limb muscle strength is a surrogate for respiratory muscle strength, while respiratory muscle strength associates with pressure gradients and air exchange which impact pulmonary function. 17 In addition, upper limb muscle strength shows an impact on the efficiency of ventilation, 20 can impact on the exercise capacity, and then interacts with pulmonary function. Overall, increasing studies focus on the role of skeletal muscle in upper limb and found significant relationships with pulmonary function, respiratory muscle strength, exercise capacity, dyspnea, quality of life, and re-admission in COPD patients. 12, 21, 22 For example, Toosizadeh et al 21 measured the kinematics and kinetics of elbow flexion in COPD patients and found that elbow moment, speed, and power correlated well with pulmonary function (FEV1, FVC, peak expiratory flow rate). Fewer studies focused on an accurate assessment of skeletal muscle function and explored the associations of strength and endurance in extensor and flexor of upper limb with pulmonary function and respiratory muscle strength in COPD patients. Hence, this study applies isokinetic test to evaluate the function of extensors and flexors of upper limbs in COPD patients, and then investigates their associations with lung function and respiratory muscle strength. The study results can provide a reference to define which components of upper limb muscle function correlate with pulmonary function and respiratory muscle strength. The hypothesis of this study is that the function of extensor and flexor of upper limbs significantly correlates with respiratory muscle strength and pulmonary function.
Methods Participants
This cross-sectional study was a secondary data analysis collected during the randomized controlled trials, 23 investigating the effects of traditional Chinese exercise in COPD patients. The study was carried out in accordance with the Declaration of Helsinki, and ethical approval was obtained from the Ethics Committee of Yue-Yang Integrative Medicine Hospital, affiliated with Shanghai University of Traditional Chinese Medicine (Shanghai, China) (No. 048 (2013)). Written informed consent was obtained from all patients.
COPD patients were recruited from Yue-Yang Integrative Medicine Hospital affiliated to Shanghai University of Traditional Chinese Medicine from March 2014 to March 2016. The inclusion criteria were as follows: diagnosis with COPD according to physician assessment and spirometry (FEV1/FVC<0.7), 24 age range of 40-80, and no acute exacerbation within 4 weeks. The exclusion criteria included the presence of other pulmonary diseases like bronchial asthma, severe cardiovascular disease including but not limited to arrhythmia and coronary atherosclerotic heart disease, neuromuscular disease, or mental disease such as a cognitive impairment that could influence outcomes.
Outcome measures
Pulmonary function and respiratory muscle strength tests were conducted after collecting basic characteristics. Twenty-four hours later, the isokinetic test for upper limb skeletal muscle was conducted. Measurements used in this analysis were performed at a baseline, before initiating the rehabilitation program.
Pulmonary function and respiratory muscle strength tests
Pulmonary function and respiratory muscle strength tests were performed (MasterScreen-PFT, Jaeger, Germany) by specialized personnel in a quiet room according to the guidelines of the American Thoracic Society/European Respiratory Society (ATS/ERS). 25 Before the pulmonary function test, participants were given instructions to avoid leakage of gas from the mouth. During the test, participants wore nose clips and were required to complete normal and slow breathing at least 3 times before maximum inspiration and maximum exhalation. The best value of the 3 repetitions was documented, and the 3 values varied by no more than 5%. Parameters recorded for analysis were FEV1%pred and FEV1/FVC after salbutamol inhalation for 15 min. The predicted value of FEV1 was calculated by the formula embedded in the instrument (Table 1) . 23 The respiratory muscle strength test indirectly assesses the inspiratory muscle strength and expiratory muscle strength by the maximum inspiratory pressure (MIP) and the maximum expiratory pressure (MEP). The inspiratory muscle strength was evaluated at residual volumes and the expiratory muscle strength was evaluated at total lung capacity. According to the guidelines of ATS/ERS, 5 participants were required to complete the maximal inhale and exhale duration of 3 s. The procedure was repeated 3 times, with 1-min rest intervals, and the maximum values were recorded.
Isokinetic muscle strength test
Isokinetic dynamometer (CON-TREX, Physiomed, Germany) was used to evaluate the strength of elbow extensor and flexor muscles on the self-reported dominant side by experienced personnel based on the instruction manual. The test parameters of the isokinetic test protocol were set according to previous studies. [26] [27] [28] After a warm-up exercise (gentle walking), the participant was positioned in an upright seated position with a belt applied across the chest and pelvis. The rotational axis of the dynamometer was positioned at the humeral lateral condyle, and the end resistance pad was positioned 2-3 cm above the wrist. Before measurement, participants were asked to determine their comfortable range of motion.
The mode of test was set as centripetal-centripetal contraction, and 2 velocities of 60°/s and 180°/s were selected. At the velocity of 60°/s, participants were required to perform 5 maximal contractions in the ranged motion angles. At the velocity of 180°/s, participants were required to perform 30 maximal contractions in the ranged motion angles. Standard verbal encouragement was given to every participant. Indexes recorded for 60°/s were peak torque (PT) and PT/body weight (PT/BW). The former denotes maximal muscle strength that is obtained from the 5 maximal contractions. The latter represents relative maximal muscle strength, calculated by the ratio of PT to body weight. Indexes recorded for 180°/s were total work (TW) and endurance ratio (ER), the former denoting muscle endurance obtained from the 30 maximal contractions, and the latter representing relative muscle endurance, calculated by the ratio of the TW of post 15 repetitions to the TW of pre 15 repetitions.
Statistical analysis
The data were analyzed using SPSS 24.0 (IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test was used to test the normality of continuous variables. Normal continuous variables were presented as mean and standard deviations, and non-normal continuous variables were presented as median (interquartile range, IQR . Categorical data were presented as frequencies and percentages. Relationship of sex, BMI, duration of disease, extensor and flexor PT/BW, extensor and flexor TW, extensor ER with FEV1%pred and MEP was assessed by Spearman's rank correlation coefficient. Relationship of all variables with FEV1/FVC and MIP was assessed by Spearman's rank correlation coefficient. Pearson correlations for normal distribution were used to investigate the relationship of age, extensor and flexor PT, flexor ER, with FEV1%pred and MEP (both reported as r value). The variables that showed a significant correlation with pulmonary function and respiratory muscle strength (P<0.05) were included in the following multiple stepwise regression analysis to examine the deeper relationship with pulmonary function and respiratory muscle strength. Dependent variables included FEV1%pred, FEV1/FVC, MIP, and MEP. Independent variables were parameters acquired by an isokinetic muscle test, including PT, PT/ BW, TW, and ER. Covariates included age, sex, BMI, and duration of disease. For FEV1%pred, extensor and flexor PT/ BW were included as independent variables in the first model, and sex was added as covariates in the second model. As for FEV1/FVC, extensor and flexor PT/BW, and flexor ER were included as independent variables in the first model, and sex and BMI were added as covariates in the second model. For MIP, extensor and flexor PT, PT/BW, TW, and flexor ER were included as independent variables in the first model, and age was added as covariates in the second model. As for MEP, extensor and flexor PT, TW, and extensor PT/BW were included as independent variables in the first model, and sex and BMI were added as covariates in the second model. A two-sided P<0.05 was considered as statistically significant.
Results
Characteristics of the participants are presented in Table 2 . A total of 88 patients (73% male) with stable COPD were recruited. The age of patients was 65.5±8.7 years, and the median duration of disease was 11.5 years (IQR 25-75, 10-14 years). Based on the severity classification of Global Initiative for Chronic Obstructive Lung Disease (GOLD), patients mostly had moderate airflow limitation with a post-bronchodilator FEV1%pred of 57.18±17.51. Of which, 7 (8%) were mild, 50 (57%) moderate, 27 (30%) severe, and 4 (5%) very severe. The patients included in this study had a BMI of 22.8 kg/m 2 (IQR 25-75，20.3-25.3 kg/m 2 ), and 32 (36%) of them had a BMI of <21 kg/m 2 indicating a possibility of sarcopenia according to the statement of American Thoracic Society/ European Respiratory Society. 29 The results of relationships between pulmonary function and other variables are presented in Table 3 . Among these, sex revealed positive (r=0.415, P<0.001), and extensor PT/ BW and flexor PT/BW showed weak and negative (r= −0.24, P=0.024 and r=−0.249, P=0.019, respectively) correlations with FEV1%pred. Sex, BMI, and flexor ER demonstrated weak and positive correlations (r=0.224 to 0.287, P<0.05), while extensor PT/BW and flexor PT/BW showed weak and negative correlations (r=−0.23, P=0.031, and r=−0.435, P<0.001, respectively) with FEV1/FVC. In the final model of the multiple stepwise regression analysis for FEV1%pred, only sex remained as significant impactors with an adjusted R 2 of 0.243 (Table 4 ). Moreover, males had 19.609% higher of FEV1%pred than females. Therefore, we stratified these analyses on sex. In the sensitivity analysis, results showed no substantial difference from the primary analysis and are not reported here. With respect to FEV1/FVC, Flexor PT/BW and ER remained as significant impactors in the first model with an adjusted R 2 of 0.161 (Table 5 ). In the final model for FEV1/FVC, Flexor PT/BW and ER, sex, and BMI remained as impactors with an adjusted R 2 of 0.255, although the flexor PT/BW was no longer significant ( Table 6 ). The results of relationships between respiratory muscle strength and other variables are presented in Table 7 . Among these, age, extensor and flexor PT, PT/BW, TW, and flexor ER revealed weak to moderate and positive correlations with MIP (r=0.217 to 0.471, P<0.05). Sex showed weak and negative correlation (r=−0.389, P<0.001), and BMI, extensor and flexor PT, TW, and extensor PT/BW revealed weak to moderate and positive correlations with MEP (r=0.225 to 0.558, P<0.05). In the final model of the multiple stepwise regression analysis for MIP, only flexor TW remained as significant impactors with an adjusted R 2 of 0.112 (Table 8 ). With respect to MEP, extensor PT and PT/BW remained as significant impactors in the first model with an adjusted R 2 of 0.333 (Table 9) , and extensor PT, PT/BW, and sex remained as significant impactors in the final model with an adjusted R 2 of 0.385 (Table 10 ).
Discussion
Results of this study revealed that isokinetic muscle strength of upper limb significantly correlates with pulmonary function and respiratory muscle strength in stable COPD patients. In detail, relative muscle strength and endurance of elbow flexor showed significant relationships with FEV1/FVC, absolute endurance of the elbow flexor Notes: The degree of significance was set at P<0.05. Independent determinants: Extensor PT/BW, Flexor PT/BW. Covariates: sex. Abbreviations: β, regression coefficient; BW, body weight; CI, confidence interval; FEV1, forced expiratory volume in the first second; PT, peak torque. Notes: The degree of significance was set at P<0.05. Independent determinants: Extensor PT/BW, Flexor PT/BW, Flexor ER. Abbreviations: β, regression coefficient; BW, body weight; CI, confidence interval; ER, endurance ratio; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; PT, peak torque. correlated with MIP, and muscle strength of the elbow extensor correlated with MEP.
Isokinetic muscle strength test provides compliant resistance for certain muscle groups to evaluate the dynamic strength and endurance. During the test, muscle strength and length increased accompanied with increased muscle tension and torque output. 13 The test is commonly used to evaluate the efficacy of exercise rehabilitation, and the apparatus includes CON-TREX, Biodex, and Cybex, all with superior test-retest reliability, safety, and accuracy. 14, 30 Previous studies found that the peripheral skeletal muscle function of COPD patients, especially in the lower limb, was significantly lower than that of healthy people. 26, [31] [32] [33] Decreased skeletal muscle function is significantly associated with endurance exercise capacity, quality of life, and dyspnea and is an independent risk factor for accelerating disease progression and predicting mortality in COPD patients. 29, 34, 35 Skeletal muscles in the upper limb including proximal muscles around the shoulder and distal muscles around the elbow are accessory respiratory muscles and play an important role in the process of respiration, especially when primary respiratory muscles occur dysfunction or cannot meet the ventilatory demand. 11 Skeletal muscle function of upper limbs plays an important role in submaximal exercise tolerance of COPD patients; 11 exercise capacity has interaction with pulmonary function, 36 so speculation raised that skeletal muscle function of upper limbs may be associated with pulmonary function. In addition, upper limb activity participates in 80% activity of daily life, affecting the capacity of physical activity and quality of life in COPD patients. 12 Tests including 1RM, handgrip, and functional exercise tests were used to evaluate the skeletal muscle function of the upper limb, which significantly correlated with endurance exercise capacity, quality of life, and dyspnea of COPD patients. 11, 12, 21 Different test methods may explain the different results referring to the relationship with pulmonary function and respiratory muscle strength. Actually, few studies make use of the isokinetic test for evaluating of upper limb muscle function and investigate the possible role in pulmonary function and respiratory muscle strength.
In this study, weak and negative correlations between relative muscle strength of elbow extensor and flexor with FEV1%pred were observed. This is inconsistent with a previous study which found that proximal muscle strength tested by 1RM and distal muscle strength tested by handgrip were unrelated with pulmonary function. 12 This is also contrary to the moderate and positive correlations between elbow movement (include power, moment, and speed reduction) and FEV1%pred. 21 It can be speculated that the relative muscle strength in this study was adjusted by body weight, while muscle strength mentioned above was original. Results of multiple stepwise regression analysis revealed that only sex remained as a significant impactor for FEV1%pred in COPD patients. After stratified by sex, the results were not substantially different from previous results and are not reported here. For FEV1/FVC, relative muscle strength and endurance of elbow flexor remained as impactors in this study. The relative muscle strength and endurance of elbow flexor can be considered as factors that interacted with the pulmonary function of COPD, which is consistent with results indicating that physical inactivity will accelerate the progress of COPD. 37 Approximately 40-60% of the COPD patients demonstrate decreased respiratory muscle strength, and increased activity and fatigue resistance of muscle. 38 Although respiratory muscle function is relatively preserved, the main complaint of COPD patients is dyspnea. 39 The contradiction between respiratory muscle function and symptoms may be due to increased respiratory burden in COPD patients, resulting in a compensatory increase in respiratory activity, whereas abnormal thoracic morphology and abdominal wall tension cause abnormal muscle fiber length and tension, leading to the impairment of strengthgenerating capacity. 38 Similar to the condition of respiratory muscles, upper limb muscle strength in COPD patients was significantly reduced, while the exercise capacity of the upper limbs was preserved; it is speculated that the daily recruitment of upper limb muscles to support ventilation as a continuous and submaximal activity leads to a maintained or even increased endurance. 40 Moreover, hyperventilation was seen during upper limb exercise in COPD patients. 41 This may be explained by the weakened effect of upper limb muscles in assisting respiration or the disruption of normal abdominal breathing patterns during upper limb movement. In total, skeletal muscle of upper limb plays an important role in respiratory of COPD patients. A previous study demonstrated that the speed, power, rise time, and core of upper-extremity function test were associated with MIP (r=0.35 to 0.69, P<0.05), and the moment, speed reduction, flexion number of upperextremity function test were associated with MEP (r= −0.42 to 0.42, P<0.05). 21 Consistent with that, in this study, most of the parameters in the isokinetic test were correlated with MIP and MEP (r=0.217 to 0.558, P<0.05), and endurance of elbow flexor was correlated with inspiratory muscle strength, muscle strength of elbow extensor was correlated with expiratory muscle strength.
The main limitation of this study is the small sample size and lack of control. Therefore, further research with a large sample size and control group should be considered to determine the impact of upper limb skeletal muscle. Moreover, this study mainly aimed to explore the potential relationship between upper limb muscle function and pulmonary function, respiratory muscle strength in COPD patients; the cause-and-effect relationship could not be determined. In this context, the relationship between upper limb muscle function and pulmonary function, respiratory muscle strength may be an interaction. Longitudinal study should be designed to investigate the cause-and-effect relationship. In addition, the variable of the FEV1 was expressed as %pred, while other variables of isokinetic indexes were expressed in absolute values, the mixed expression may induce some interactions with anthropometric variables. Finally, this study did not correct for important variables, including comorbidities, medication, smoking, and physical activity. Therefore, the interpretation of the results should be considered very cautiously, and future studies should be designed more comprehensively.
Conclusion
Isokinetic muscle strength of flexor and extensor of upper limb correlates with pulmonary function and respiratory muscle strength in stable COPD patients. Endurance of elbow flexor plays an important role in pulmonary function and inspiratory muscle strength, while muscle strength of the elbow extensor is of important for expiratory muscle strength.
